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ABSTRACT 
Many online services and products require users to point and 
interact with user interface elements. For individuals who 
experience variable pointing ability due to physical impairments, 
environmental issues or age, using an input device (e.g., a 
computer mouse) to select elements on a website can be difficult. 
Adaptive user interfaces dynamically change their functionality in 
response to user behavior. They can support individuals with 
variable pointing abilities by 1) adapting dynamically to make 
element selection easier when a user is experiencing pointing 
difficulties, and 2) informing users about these pointing errors. 
While adaptive interfaces are increasingly prevalent on the Web, 
little is known about the preferences and expectations of users 
with variable pointing abilities and how to design systems that 
dynamically support them given these preferences. 
We conducted an investigation with 27 individuals who 
intermittently experience pointing problems to inform the design 
of an adaptive interface for web navigation. We used a functional 
high-fidelity prototype as a probe to gather information about user 
preferences and expectations. Our participants expected the 
system to recognize and integrate their preferences for how 
pointing tasks were carried out, preferred to receive information 
about system functionality and wanted to be in control of the 
interaction. We used findings from the study to inform the design 
of an adaptive Web navigation interface, PINATA that tracks user 
pointing performance over time and provides dynamic 
notifications and assistance tailored to their specifications. Our 
work contributes to a better understanding of users’ preferences 
and expectations of the design of an adaptive pointing system.  
CCS Concepts 
• Human-centered computing Pointing • Human-centered
computing Accessibility design and evaluation methods
Keywords 
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1. INTRODUCTION
For individuals who experience temporary, intermittent, or 
gradual changes in pointing ability due to a physical impairment, 
environmental issues or age, using an input device to interact with 
user interface elements can be difficult. Furthermore, these 
challenges might be experienced differently at different points in 
time. For example, an individual with early stage Parkinson's 
disease may experience significant changes in their ability to 
control the computer mouse depending on medication regimen or 
time of day[28, 34]. A younger adult's ability to control a mouse 
may change depending on sleep schedule, excitement, or caffeine 
use [26, 27]. An older adult user may experience changes in hand 
mobility due to the natural aging process [30]. The individuals in 
these examples are experiencing mild and infrequent difficulties 
and might not be aware of their consistent occurrence. 
Furthermore, these individuals may not have been diagnosed with 
motor impairment and may not identify as assistive technology 
users. They may be unaware of these changes, or find it difficult 
to identify assistive technology solutions that can support their 
dynamically changing needs, leading to frustrating experiences 
and further impeding their computer use [9, 27, 28, 34].  
Adaptive user interfaces can monitor and dynamically change 
their appearance and functionality based on user behavior [16, 19, 
31]. They provide an opportunity to support users who experience 
changes in pointing ability by 1) providing feedback to users 
about their variable pointing performance, and 2) by adapting 
system functionality dynamically to make pointing tasks easier in 
case of difficulties. They are becoming increasingly prevalent, 
especially on the Web where many of the most popular websites, 
such as Facebook, Google, Amazon and YouTube, utilize them to 
better engage users. Despite these opportunities, little is known 
about the preferences and expectations of such systems from users 
with variable pointing performance, especially in the context of 
web navigation.  
We conducted a study to better understand user preferences and 
expectations of adaptive interfaces that support changing pointing 
ability. We used an interactive prototype as a technology probe 
[13] and conducted semi-structured interviews with 27 individuals
who experience diverse challenges with hand-held input devices.
We used the probe to demonstrate notifications, mechanisms to
inform the user about their pointing performance, and assistance
activation modes, mechanisms to activate interface modification
to assist with pointing tasks. We found that regardless of their age
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and ability, participants were positive about personalized support 
from an adaptive interface but wanted to be in control of the 
interaction. They expected the system to take time to adapt to their 
specific performance and wanted it to avoid introducing 
unpredictable changes early on. Additionally, they wanted to be 
informed about system functionality and be included in the 
system’s decision-making process. 
We used these insights to design an adaptive interface, Pointing 
Interaction Notifications and AdapTAtions (PINATA), for web 
navigation for users who experience pointing difficulties. 
PINATA can track a user’s pointing performance, provide 
different forms of notifications in response to pointing errors and 
deploy assistance in the form of a bubble cursor that changes size 
dynamically in response to user performance. Through a 
preferences page, end users can specify and the amount and type 
of information and assistance they want to receive.  
In this paper, we present the results of the user study in detail and 
describe how it informed PINATA’s functionality. The 
contribution of the paper is twofold: it describes a novel adaptive 
web navigation interface for users who are experiencing pointing 
difficulties and it describes user preferences and expectations of 
these systems and how they informed the interface design.  
2. RELATED WORK 
Our work is informed by prior research on the design of adaptive 
user interfaces and the recognized factors that affect their 
acceptance. In this section, we discuss users who experience 
changes in pointing ability, the diversity of pointing abilities, and 
challenges faced by this population when using input devices to 
interact with computers. We then discuss prior work on adaptive 
techniques and systems that support dynamic adaption in response 
to changing user needs. Finally, we discuss well-documented 
challenges in designing adaptive interfaces, and how our work 
contributes to this knowledge. 
2.1 Experiencing Variable Pointing 
Performance  
Change in perception, cognition and ability is an essential and 
life-long part of human life. Generally speaking, humans tend to 
develop these skills in early life, and they degrade with age at 
varying rates [5, 9, 30]. Changes in hand mobility can lead to 
negative changes in pointing ability, such as difficulty clicking on 
targets, pressing mouse buttons, performing drag and drop 
actions, and finding the cursor. Changes in pointing ability can 
occur due to age [3, 12, 17, 18, 26, 35, 38, 41], a temporary or 
sustained disability [32, 37, 39] or medical conditions such as 
Parkinson’s, arthritis, or fatigue [17, 30]. These changes can make 
it difficult for individuals to use a computer [3, 14, 17, 30] and 
may limit their technology use. 
In some cases, individuals are unaware of the cause of their input 
errors [27, 28] or changes in their abilities [9]. Moffatt’s studies of 
pen-based menu selection tools revealed that users of their system 
were often unaware of the cause of their difficulty selecting menu 
items and why unintended menu items opened [28]. Other 
individuals are well aware of changes in pointing ability, however 
these changes occur with unpredictable frequency and severity. It 
can, therefore, be difficult for them to assess and address their 
accessibility needs and to find assistive technology solutions that 
support their dynamically changing needs [34, 36]. 
2.2 Supporting Variable Pointing with 
Automation  
In the last decade, adaptive (or personalized) pointing systems 
have emerged as a beneficial solution for assisting individuals 
with dynamically changing pointing abilities. These systems 
provide assistance by changing presentation or behavior based on 
user input, the state of a system, or both [16, 19, 31]. Because the 
system can adapt to changing needs, adaptive systems may lessen 
a user’s need to acquire or search for other assistive technology 
solutions as their needs for pointing support change. These 
systems can also be helpful for users that do not self-identify as 
having a motor impairment or are unaware of declines in pointing 
ability by informing them of changes and automatically providing 
assistance to minimize frustration. 
Prior research on adaptive pointing systems has focused on 
providing personalized support to individuals, either through 1) 
building performance assessment techniques or 2) building 
systems that assist with pointing tasks. Hurst and colleagues 
examined ways to automatically detect changes in pointing 
performance as an individual uses a pointing device to interact 
with a computer [14, 15]. Approaches, such as this, serve as a 
platform on which systems are built to automatically inform users 
of pointing behaviors or assist users with challenging pointing 
tasks.  
In addition to creating performance assessment techniques, 
several systems have been designed to provide assistance with 
pointing challenges that impact target acquisition [12, 40] and 
target selection [1, 17, 20, 37, 42]. These systems help improve a 
user’s ability to use an input device to select interface elements 
(e.g. clicking on buttons, positioning the cursor). Gajos and 
colleagues alternatively designed SUPPLE, a system to support 
device-specific interface optimization [7]. Heron and colleagues 
developed the ACCESS frameworks to allow users to control and 
adjust different pointing assistances to meet their particular needs 
[10]. This work has increased knowledge of pointing device usage 
among different user groups and how assistance techniques 
designed for specific pointing changes affect participants' 
performance. However, for users with intermittent or gradual 
changes who may be unaware of having pointing difficulties due 
to gradual changes or denial, there is a significant gulf in literature 
regarding users’ perceptions of these systems, preferences for the 
system’s interface design, and adoption of these tools. 
2.3 The Challenges of Designing Adaptive 
Interfaces  
In general, it is well known that while adaptive systems offer 
many benefits for assisting users with tasks, there are also trade-
offs to introducing automation and change in interface design [16, 
19]. Acceptance of an adaptive system that provides automatic 
assistance often depends on its accuracy (e.g. does it help the user 
to successfully complete the task at hand?). However, individual 
preferences, costs, and benefits can also impact acceptance and 
should be evaluated early to address user concerns [16, 19]. 
Poorly designed adaptive systems can violate well-established 
usability principles, such as consistency [29], making it harder for 
users to predict, comprehend, and control the system while the 
system in-turn becomes more distracting and intrusive to user 
tasks [16]. Horvitz notes that another challenge of introducing 
automation is that it can be difficult to automatically assess the 
amount and type of support a user wants [11].  
 
Table 1. Participant Demographics: We recruited a total of 27 participants (16 over the age of 55). Of these participants, five had 
Parkinson’s (P1-P5) and one (OA8) was recovering from a stroke (P = Parkinson’s, OA = Older Adults, YA= Young Adults). A * 
represents that a participant self-reported motor impairment.  A + represents self-reporting multiple pointing problems.                                               
ID Age Sex Weekly Web Use Pointing 
Problems 
 ID Age Sex Weekly Web Use Pointing 
Problems 
P1* 55 – 64 M 5 or more days +  OA10 65 – 74 F 5 or more days + 
P2* 55 – 64 F 5 or more days +  YA1 18– 24 F 5 or more days + 
P3* 55 – 64 M 5 or more days +  YA2 18– 24 M 5 or more days  
P4* 65 – 74 M 5 or more days +  YA3 25– 34 F 5 or more days + 
P5* 65 – 74 F 5 or more days +  YA4 25– 34 M 5 or more days  
OA1 65 – 74 F 3 – 4 days   YA5 25– 34 F 5 or more days + 
OA2 75 – 84 F 3 – 4 days +  YA6 18– 24 M 5 or more days  
OA3 75 – 84 M 5 or more days +  YA7 25– 34 M 5 or more days + 
OA4 75 – 84 F 5 or more days +  YA8 18– 24 M 5 or more days + 
OA5 65 – 74 F 1 – 2 days +  YA9 25– 34 M 5 or more days + 
OA6 75 – 84 F 5 or more days +  YA10 18– 24 F 5 or more days + 
OA7 65 – 74 F < 1 day +  YA11 18– 24 F 5 or more days + 
OA8* 65 – 74 F 5 or more days +  YA12 25– 34 M 5 or more days + 
OA9 65 – 74 F 5 or more days +       
 
There has been significant debate about the role of automation in 
interface design [11, 33]. Some have argued for manual user 
manipulation where others have argued for automated software 
agents [33], or a combination of both [11]. Horvitz contends that 
one key barrier to using interface agents is that it can be hard to 
guess users’ goals and needs and therefore argues for a mixed-
initiative approach in which agents and users collaborate to 
achieve a goal [11]. 
Due to the known challenges of introducing automation into 
interface design, recently, researchers have started exploring how 
various factors affect user experience, attitudes and potential 
acceptance of these systems [22, 23]. In a prior study of adaptive 
pointing systems, researchers identified factors such as 
information preferences or trustworthiness that were important to 
consider when designing these systems [22, 23]. In this study, we 
extend prior work by understanding the needs of users that 
experience intermittent or gradual changes in hand mobility and 
do not currently identify as having an impairment that completely 
impedes their computer use. We study the factors that impact this 
unique population’s acceptance of adaptive user interfaces that 
assist with variable pointing performance. We identify this 
population’s preferences and expectations of adaptive pointing 
solutions with the goal of understanding the broader rationale 
behind their preferences and expectations. Additionally, we 
describe how our findings informed the design of an adaptive web 
navigation interface, PINATA that provides notifications and 
adaptations to support users with variable pointing performance. 
3. USER PREFERNECES AND 
EXPECTATIONS OF ADAPTIVE 
INTERFACES 
We conducted semi-structured interviews with individuals who 
experienced intermittent or permanent pointing problems. 
Participants interacted with a functional prototype of the system 
as a probe [13] to gather insight that focused on user expectations 
of real-time personalized pointing information, notification 
delivery, and adaptive pointing assistance activation modes. 
Interacting with a functional probe is found to be an effective 
communication and collaboration tool in previous research [13]. 
In the following sections, we describe our participants, the probe 
and procedures we utilized in the study. This study was approved 
by the Institutional Review Board (IRB) at UMBC. 
3.1 Participants  
We recruited 27 participants with diverse abilities to understand a 
broad range of perspectives regarding pointing information: 12 
younger adults (18 – 34 years), 10 older adults (ages 65 years or 
older), and 5 adults (ages 55 years or older) with early-stage 
Parkinson’s (See Table 1). At the time of the study, no 
participants reported impairments that would completely impede 
their use of a computer. However, across the groups, 23 
participants reported experiencing intermittent difficulty when 
using a pointing device. Most of the participants who had 
difficulty with pointing tasks adopted manual approaches to cope 
(e.g. scheduling computer time to avoid peaks in tremors). The 
five participants with early-stage Parkinson’s all experienced 
intermittent hand tremors that varied depending on time of day or 
medication regimen, and one older adult reported a motor 
impairment affecting her hands due to stroke. 
Table 2. Common pointing challenges reported by 
participants (A = All the Time, S = Sometimes) 
 Parkinson’s 
(n=5) 
Older 
Adults 
(n=10) 
Young 
Adults 
(n=12) 
Unintentional 
selection 
A=2, S=3 A=0, S=8 A=0, S=10 
Slip off a target A=1, S=3 A=1, S=8 A=0, S=3 
Overshoot or miss 
a target 
A=1, S=3 A=0, S=8 A=0, S=3 
Cursor loss from 
erratic movement 
A=1, S=1 A=3, S=4 A=0, S=6 
 
Since our study included users who might not have been 
diagnosed with a condition leading to mobility impairment and 
who might have experienced temporary or gradual changes in 
pointing, we asked if participants experienced difficulties 
identified previously with mouse use [17]. In Table 2, we present 
the most common pointing problems reported by the participants 
including: unintentional selection of items on a webpage, slipping 
off a target such as a menu item, overshooting or missing a target, 
and erratic movement leading to cursor loss. 
3.2 Materials 
We used a high-fidelity functional prototype in the form of a 
Chrome Extension as a technology probe [13]. The design of the 
prototype was informed by past work on designing notifications 
and adaptive systems for users with diverse pointing abilities [22, 
23]. The prototype simulated three types of notifications (Figure 
1) and demonstrated one type of assistance which consisted of a 
zooming functionality that made a webpage’s elements larger if 
pointing errors were detected. 
The first notification design, the Bar (Figure 1, A), was an 
abstract indicator in the form of a red bar that would appear on top 
of the page when frequency errors were detected. The second 
notification design, the Bar+ (Figure 1, B), was similar to the bar 
notification but also included information about the pointing error 
that occurred and gave the user options to activate an assistance or 
to ignore the message. The third type of notification, the Dialogue 
Box (Figure 1, C), consisted of a box that provided information 
about detected errors and options to activate or ignore assistance. 
 
Figure 1. Notification and Activation Options: (A) The Bar 
notification appears as a thin horizontal bar under the URL 
field. (B) The Bar+ notification appears on as a horizontal box 
under the URL field with text and interactive buttons. (C) The 
Dialog Box appears as a popup alert with text and interactive 
buttons. (D) Wikipedia page zoomed at 100% (default viewing 
size). (E) Wikipedia page at 150% viewing size after manually 
zooming in. 
We used the different types of notifications and the assistance to 
illustrate the diverse ways the system might offer pointing 
information and assistance. While the probe included a listener 
that captured real-time user performance data (e.g. the duration of 
clicks), we modified the system so that notifications were 
deployed regardless of pointing performance when a user clicked 
on links within the webpage. Participants were not informed that a 
clicking on the link would trigger a notification.  We did this for 
two reasons. First, we wanted to provide each user with a similar 
demonstration of how notifications or assistance could be tied to 
pointing problems without introducing bias. Second, given the 
exploratory approach of our study, we wanted to provide the 
flexibility to support users’ discussion of other ideas not included 
in the prototype’s design.  
We used a zooming mechanism (Figure 1D and 1E) that increased 
the size of user interface elements to demonstrate the three ways 
that an assistance could be activated: automatically, where it is 
deployed in response to an increase in pointing errors; using a 
mixed-initiative, where it is recommended to the user when errors 
are detected and activated by them; and manually, where the user 
activates it themselves. 
During the study, participants used a Mac Book Pro computer 
with an attached mouse. All participants used the same computer 
and mouse device. To provide a similar experience for all 
participants, they were not allowed to make adjustments to the 
appearance or behavior of the pointer.  They were however 
provided with time in the beginning of the study to acquaint 
themselves with the computer mouse and browser. 
3.3 Data Collection and Analysis Procedures 
For each participant, we first administered a background 
questionnaire asking about demographics, computer use, pointing 
performance experience, and current challenges with input 
devices. To help participants answer questions about challenges 
with input devices and ensure they were familiar with our terms, 
we defined each pointing challenge (e.g. unintentional selection, 
overshooting a target) and provided examples, if requested. 
Then we talked with participants about their experience with 
personalized pointing support. Using the challenges participants 
listed as pointing problems in the background survey, we provided 
them with a scenario of how a personalized pointing system might 
automatically provide them with assistance with the pointing 
problem. We kept this discussion broad by not focusing on how 
the assistance might look, but rather on helping the participant 
understand that the system would track their mouse activity and 
use that information to provide personalized notification and/or 
assistance to meet their changing needs. 
We next engaged participants in semi-structured interview 
sessions that on average lasted 60 minutes. Each interview session 
included the following phases: 1) assessing the importance of 
notification visibility, 2) identifying pointing information delivery 
preferences, 3) identifying information needs, and 4) identifying 
assistance information and activation preference(s). We took 
detailed handwritten notes of participants’ verbal responses and 
administered several paper questionnaires throughout the study to 
collect written responses. Participants received four surveys 
throughout the study each of which was followed by a discussion 
and an opportunity to elaborate on responses. These questions 
were informed by prior work and focused on aspects of the 
designs that could potentially negatively or positively impact their 
perception of a personalized pointing system [22, 23]. All 
participants interacted with all 3 notification designs and were 
provided with explanations of all 3 assistance activation modes. 
3.3.1 Four Phases of Data Collection 
Participants engaged in naturalistic browsing tasks while 
interacting with a Wikipedia page to assess the visibility of each 
notification (Phase 1). As the participant browsed the page, each 
notification appeared in a timed sequence in order from least 
interruptive (i.e. Bar notification) to most interruptive (i.e. Dialog 
Box). Participants next completed a survey about whether they 
noticed each of the notifications when triggered.  
Participants revisited each of the notification designs in the same 
order as deployed (Phase 2) and were asked to click on a specific 
link that triggered each notification individually. After triggering 
each notification, participants were asked to complete a survey 
noting their opinion of different aspects of each of the notification 
designs (e.g. familiarity, language used), and verbally elaborate on 
their questionnaire responses. After viewing all three notifications 
and interacting with them individually, participants were asked 
about their overall perceptions of the notifications they saw.  
In Phase 3, participants were interviewed about their current 
pointing information needs and preferences. We asked 
participants to consider different types pointing information (e.g. 
performance data, manual instruction to improve pointing) they 
would want to receive from an adaptive pointing system and how 
they would use this information in their daily tasks. While we 
provided participants with specific examples of pointing 
information to help guide the interview, we encouraged 
participants to also think broadly about the types of information 
they might like to receive.  
In the latter part of the interview (Phase 4), we transitioned to 
participants expectations for pointing assistance activation. 
Participants used the prototype to provide participants with 
examples of three types of assistance activation modes (i.e., 
manual, automatic, and mixed-initiative [11, 33]). Finally, 
participants noted on a survey their initial attitudes toward each 
type of assistance activation and selected and explained their 
preferred assistance activation mode.  
3.3.2 Analysis Procedures 
We performed a thematic analysis of qualitative data: responses to 
interview questions and self-reported, open-ended questionnaire 
responses to look for recurring themes. From this analysis, themes 
emerged regarding participants’ views of how they would like to 
interact with an adaptive pointing system. Closed-ended 
questionnaire responses were analyzed with descriptive statistics.  
4. Findings and Design Recommendations 
Data from the study provided several insights into users’ 
expectations and preferences for adaptive pointing systems. Three 
main themes emerged from the qualitative data analysis regarding 
users’ initial preferences and expectations of adaptive pointing 
solutions and the rationale behind them. Users expected that the 
system 1) recognize user goals and adapt accordingly, 2) provide 
them with transparency about its functionality, and 3) put them in 
control of the interaction. We discuss each theme below.  
4.1 Recognizing Individual Goals and 
Adapting to Each Specific User  
Most of our participants were confident that an adaptive system 
could provide accurate automatic assistance (85%) and deliver 
them quickly (70%). They believed that such a system could 
correctly help complete a pointing task and provide that help 
efficiently. However, participants had concerns that extended 
beyond precision and correctness to whether a system could be 
sensitive enough to recognize and adapt to their unique goals. 
Participants were hesitant about trusting an adaptive system that 
could be receptive of their unique preferences, provide them with 
needed support, and at the same time avoid adding more 
unpredictability and inconsistency to their experience. They were 
concerned if the system could recognize their goals and make 
changes in a way they felt it should. For example, P5 questioned 
whether her goals and the system’s goals would be the same: “Is it 
going to try to second guess me? It is hard to predict something 
when you are not sure what it is like. On the iPad, it changes 
words … that frustrates me. What's to say it doesn't adjust the way 
I want?” P4 also mentioned a similar concern; he stated, “I would 
grow in confidence [with a system] if it could demonstrate that it 
could make the right changes. It would increase my confidence … 
the software could help maintain confidence if it had a history of 
doing things right.” Younger adult participants expressed this 
attitude as well. When asked about how she felt about automatic 
pointing assistance, YA3 stated, “I don’t know ... Because I don’t 
know how it will determine what size adjustment I want…. maybe 
it will learn that I prefer 90% over 80% after a matter of time.” In 
each of these cases, participants discussed the need for the system 
to take into consideration how they would personally like the 
pointing task completed. Therefore, participants expected that the 
system would assist them, and consider their unique goals for how 
they would like the pointing task completed. 
Similar concerns emerged when discussing assistance activation. 
The majority of participants (78%) preferred a mixed-initiative 
approach where they were informed about assistance (such as a 
change in interface) before it was activated and had the chance to 
confirm the change before it took place. When discussing their 
preferences for mixed-initiative approaches, one concern that 
emerged repeatedly as reasoning for this preference was whether 
the system could be flexible enough to meet expectations of their 
preferred interactions. For example, when asked about her 
preference for mixed-initiative, OA5 stated, “You feel like you 
have a little more control, and there is less room for 
interpretation”. In this case, OA5 was concerned about a system's 
ability to accurately interpret how she would like the pointing task 
completed. Therefore, while quantitative data suggests that most 
participants believed an adaptive pointing system could help them 
complete their pointing task accurately and in a timely manner, 
they were less convinced that the system could successfully 
interpret their expectations of how the task should be completed. 
Design Recommendations: These results indicate that an adaptive 
pointing system should put mechanisms that in place to gain the 
trust of users over time by recognizing and supporting user 
preferences for how the pointing task is completed. Since users 
that experience variable pointing are undergoing change that they 
themselves sometimes have difficulty predicting, it is reasonable 
for them to question whether an automatic system can respond 
correctly to their changing abilities.  
We believe that consistently accurate performance, accompanied 
by thoughtful integration of unique preferences in the system may 
help gain the trust of its users. Initially such a system may be 
conservative in the notifications and assistance it provides as it 
learns more about the user. As more data is collected, the system 
may present more automatic predications. Informing the user 
about what data that the system is using can help build trust that 
the system is adapting specifically to their unique performance 
and not another group of users. Doing so can further maintain 
users’ perceptions that the system supports individual goals. 
4.2 Providing Transparency for Decision-
Making   
Participant concerns about trust also extended to the amount of 
information an adaptive pointing interface provided related to its 
actions. They wanted to system to provide transparency and 
summarize the kinds of errors the system detected and in what 
contexts. Participants also preferred to know why a particular type 
of assistance was recommended.  
None of the participants liked the abstract indicator notification 
design and everyone stated that it provided inadequate 
information. Instead, most participants preferred the Dialog Box 
(63%) or Bar+ (30%) notifications not because of their designs, 
but because they provided more information and obvious support. 
When asked about the abstract indicator design, OA1 stated: “Not 
sure what the red line [abstract indicator] means. … always nice 
to have an [immediate] explanation why something appeared.” 
On the other hand, when discussing the dialog box design, 
participant OA10, “I like the fact that it tells you something is 
wrong. It doesn’t tell you what you did, it just comes on and lets 
you know it is something. I would prefer it tells me something 
about what’s wrong.” Most participants were in favor of a system 
that provided information that could help them understand why it 
acted in the way that it did. For example, as OA10 wanted to 
know more about what led the system to determine that 
“something is wrong.” Participants felt that having additional 
information could not only help them understand a system’s 
actions, but also grow confidence in those actions.  
Participants also valued information that could help them make 
informed decisions. P1 was not interested in immediate pointing 
performance information but wanted information that could help 
him make informed decisions about whether to activate 
recommended assistance. Specifically, he wanted to know why 
assistance was recommended and who or what made the 
recommendation, and like OA1 felt the abstract indicator 
notification was too vague “[It] doesn’t work for me. [I] want to 
know everything about it immediately. [I] don’t want to have to 
dig for information … It doesn’t tell me who is doing this. [I want] 
more information about why I am listening to you [the 
notification].” P2 thought by providing more information the 
system could make her computing experiences less frustrating. 
When asked about receiving pointing information, she said, “I 
think it would be helpful. I think it would make it less frustrating 
because I would know it is a motor impairment and not the 
computer. If I know that’s what the issue is, I can focus on that 
and how to improve it.” Participants wanted help with a decision 
whether to accept the information and how to move forward. 
Design Recommendations: Overall, our results suggest that 
participants wanted the system to provide information about its 
recommendations and preferred to have some transparency in the 
way the algorithm adapted to their performance. They felt that 
receiving no pointing information or limited abstract notifications 
that “something occurred” were less useful for understanding 
system functionality or for helping them to decide what assistance 
to deploy. Again, users with variable pointing may have 
difficultly predicting when and how changes in pointing 
performance will occur. Therefore, it is understandable that they 
may question how a system determines that assistance is needed 
and/or how the recommended assistance will help them. 
Considering and supporting these information needs in the 
interface design can build a user’s understanding of their actions 
in relation to the system’s recommendations. Providing this level 
of transparency may also empower users to make informed 
decisions regarding the amount and type of support they might 
want from and adaptive pointing interface.  
4.3 Putting Users in Control   
Due to concerns about automatic assistance, participants’ 
preference for self-governed decision-making (i.e. users making 
the ultimate decision to activate assistance) support was consistent 
across all groups. All participants wanted to be involved in the 
process of determining if a pointing assistance was activated and 
ultimately deployed. Of the three types of activation assistance 
discussed, the majority of participants (78%) preferred a system 
that would provide a mixed-initiative approach that allowed them 
to review and confirm suggested assistances. Generally, 
participants were concerned about balancing automatic assistance 
with their individual preferences for maintaining control of their 
actions. Additionally, they believed that while automated 
assistance can correct errors, it is not always something that they 
wanted to utilize. For example, one participant provided the 
example of “predictive text” when typing and mentioned that 
while it does correct mistakes it can be annoying when it makes 
corrections when they are not wanted. 
Most of the participants in the study preferred receiving both 
notification and assistance instead of notification or assistance 
alone. Because of concerns about automatic assistance, preference 
for self-governed decision-making (i.e. users making the ultimate 
decision to activate assistance) support was consistent across all 
groups. All participants wanted to be involved in the process of 
determining if a pointing assistance was activated and ultimately 
deployed. Preferences for notification design were also influenced 
by participants desire to be involved in assistance activation. 
Another reason the abstract indicator was participants’ least 
favorite design was due to the fact that assistance activation was 
not available. Both the dialog box and Bar+ designs were favored 
because they both provided users with the choice to activate 
assistance or dismiss it. Participants did not trust that the system 
would activate the assistance in the way they expected and 
therefore, part of their preference for mixed-initiative was due to 
the fact that they felt it provided more control over the interaction. 
In this way, participants wanted to be able to review and correct 
possible deviations from their expectations that were 
automatically made by the system.  
When asked about his initial reactions to a system that could assist 
with pointing, P4 stated, “[The] system could help in the area 
because maybe something may not make sense, but I would prefer 
if it let me do it and hold my hand.” YA8 preferred a mixed-
initiative approach, “[I would] prefer something hybrid because I 
can’t see how a computer could intuit my needs accurately. Even 
then, I would prefer small, incremental changes. If it were to be 
automatic, I would be ok with ONE, small automatic one, and past 
that the computer asks me about changes.” OA4 provided similar 
preferences for mixed-initiative activation, stating “Maybe I might 
like what I already have and I wouldn't want to change it. So, it 
[the system] gives me a choice.” Participants preferred a system 
that included them in the decision-making process by allowing 
them to govern whether the automated assistance was deployed, 
collected feedback on whether the deployment met their needs, 
and adjusted the assistance based on this feedback.  
Design Recommendations: Our results suggest that an adaptive 
system designed to support users with pointing difficulties should 
allow them to review and confirm assistance deployment. For 
users with unpredictable and/or varied pointing, allowing them to 
review changes and govern decisions can make them feel that they 
will ultimately maintain control of their interactions with the 
system (opposed to the system making decisions on their behalf). 
It can also be useful for a system to allow users access to the data 
that the system has collected from them and allow them to correct 
mistakes or specify which parts of the data to include or exclude 
in informing system functionality. By doing so, an adaptive 
pointing system can further increase transparency and build user 
confidence by including them in the decision-making process. 
5. PINATA: Demonstrating Design 
Recommendations for an Adaptive User 
Interface for Web Navigation 
Our findings indicate that meeting users’ expectations for 
personalized pointing assistance extends beyond the act of 
providing accurate assistance. While accuracy was important to 
our participants, much of our findings suggest that it is also 
important for a system to also be able to recognize and respond to 
individual goals, provide transparency in its actions, and provide 
the user with adequate control of their pointing actions. It is 
therefore important for designers to acknowledge users’ 
expectations for involvement in completing pointing tasks and 
accommodate this need in their design(s).  
In this section, we demonstrate how we used our findings to 
inform the design of PINATA, an adaptive user interface for web 
navigation. We provide a framework of design considerations that 
help designers provide transparency and control of system actions.  
5.1 A Design Framework for Adaptive 
Pointing  
In Figure 2, we provide a framework of design considerations that 
summarize our findings and describe how to design systems that 
can keep users informed (KUI), put the user in control (PUC), 
and help the user trust the system (HUTS). Our findings suggest 
that these three considerations are important to understanding user 
goals, providing transparency, and control of pointing tasks. 
 
Figure 2. Recommended design considerations for 
personalized pointing system design.  
 
Our participants wanted the systems actions to be transparent to 
assist them with making decisions about whether or not they 
wanted to activate assistance. Keeping users informed of system 
actions can help them better trust the system as well as help them 
feel more in control of the pointing task. Participants wanted to be 
involved in the activation of assistance therefore, recognizing 
users’ individual goals and adapting the system in a way that 
supports those goals can also help users trust the system. We 
believe that the more the users trust the system to integrate their 
personal goals into its actions and meet their personal 
expectations, the more likely the user will be to adopt the system. 
The three categories we present are interrelated and therefore, 
several of these design considerations traverse categories. To help 
solidify our recommendations, in the next section, we demonstrate 
how we applied these recommendations in the design of a web-
based adaptive interface to support pointing. 
5.2 Designing PINATA  
To demonstrate how our findings, inform adaptive user interface 
design, we applied the recommendations to design, Pointing 
Interaction Notifications and AdapTAtions (PINATA). This 
system is an interactive adaptive interface for web navigation for 
users who experience pointing difficulties. It is implemented as a 
Chrome extension that tracks user pointing performance over time 
and in accordance with user-specified parameters adjusts system 
functionality to match a user’s changing performance over time. It 
was built as an extended implementation of the prototype used in 
the user study.  
PINATA has four components that work closely together to 
provide a user with notifications and assistance based on their 
pointing performance. The User Preferences Manager (1) 
provides users with an overview of the system and allows them to 
configure the type of notification and assistance they would like to 
receive. The Pointing History Browser (2) allows users to view 
their pointing performance using a series of visualizations. During 
the interaction, the user can activate assistance in the form of a 
customized Adaptive Bubble Cursor (3) that dynamically adjusts 
to user pointing performance. Finally, the user can enable 
Interactive Notifications (4) that inform them about pointing 
errors and provides them with the option of activating assistance. 
In the following subsections, we describe these modules and how 
their design is informed by user preferences and expectations 
identified in the previous section.  
5.3 User Preferences Manager  
The user can customize and control the functionality of PINATA 
through the User Preferences Manager which provides a series of 
options on how to deliver notifications and assistances (Figure 3). 
The user can tweak the functionality of the assistance (described 
in Section 5.3), preview and specify the type of notifications 
deployed when errors are detected (section 5.4) and allow the user 
to browse their pointing performance history (described next). 
This feature was included based on the results suggesting that 
users preferred options that would allow them to customize the 
system to their unique preferences (as described in Section 4.2 
and Section 4.3). By allowing for customization, we hope to 
improve users overall trust that the system will adapt in a way 
they expect and also, meet their unique goals and preferences. 
 Figure 3. User Preferences Manager: This panel provides 
access to several pages (one example shown above) that let 
users preview and select various options with respect to 
PINATA’s functionality. It allows users to specify the style 
and frequency of notifications and assistances and review 
their pointing history.  
5.4 Interactive Notifications  
PINATA provides users with the option to receive interactive 
notifications when pointing errors are detected. The user can 
specify notifications to appear as Bar+ or Dialog Box 
implementations that display information about the number and 
type of errors detected. All notifications present the user with a 
choice to deploy assistance or ignore them (in accord to findings 
described in Section 4.1). The user can choose from three levels 
of error frequencies that would trigger notifications (i.e., 
“sometimes”, “often”, “usually”) in the User Preference Manager. 
For example, if a user selects to be notified if errors are 
“sometimes” detected, the system would notify them if on average 
one error is detected every five minutes during interaction. For the 
other conditions, more frequent errors will activate a notification. 
These values can be customized for each user. Currently, these 
notifications are consistent across all error types; in the future, we 
will provide the user with more notification formatting and 
deployment frequency options, including the choice to assign 
different notifications to different types of detected errors.  
Figure 4. Interactive Notifications: Based on their preference, 
users are presented with prompts informing them when 
pointing errors happen. When a notification is deployed, users 
can ignore it, dismiss it, or activate assistance.  
5.5 Pointing History Browser  
The Pointing History Browser consists of two dynamic graphs 
that visualize the pointing performance of a user over time and 
based in the context they occur. Figure 5 shows the two graphs: 
The Error Type Graph shows the frequency and type of pointing 
errors that occurred over time. Currently, we are showing 
information about four types of common errors on this graph: 
slipping off target, missing target, unintentional selection. The 
Website Graph shows the top 4 websites that pointing errors 
occurred on.  
 
Figure 5. Pointing History Visualizations: Two types of 
visualizations are provided to the user. The Error Type Graph 
(top) shows the frequency of different kinds of error types 
over time. The Website Graph (bottom) shows the most 
common websites where pointing errors have occurred. When 
users hover over data points, additional information is shown. 
This module serves two purposes: 1) it provides longitudinal 
feedback to the user about the type of errors that happened and 2) 
it allows them to view the underlying data that the system is using 
and correct and edit them if desired. Thus, this module addresses 
the preferences identified in the user study by supporting system 
transparency and allowing users to be in control.  
Users can view the data in the graphs and delete their pointing 
performance history. However, users might also be interested in 
viewing and editing the underlying data that is collected to further 
increase user control and system transparency.  
5.6 Adaptive Bubble Cursor   
PINATA provides the user with dynamic assistance using an 
Adaptive Bubble Cursor. A bubble cursor dynamically resizes its 
selection area to assist target selection [8]. By increasing its size, 
it effectively decreases the precision needed to select targets. The 
increased selection area can either be visible or invisible a setting 
in the User Preferences Manager. Figure 6 shows a bubble cursor 
in action. We chose the bubble cursor as the assistance to provide 
because 1) previous research has shown that it can improve target 
selection for older adults [6, 27], and 2) it does not impact the 
layout of the underlying webpage while providing assistance. 
These features address our findings (described in Section 4.1 and 
Section 4.3) that showed a negative attitude in users towards 
unpredictable and major changes to the layout during interaction.  
PINATA allows users to activate the assistance in two modes: 
manual or adaptive. In the manual mode, the user activates and 
deactivates bubble cursor whenever they need it. This is in effect 
the same as the original implementation of bubble cursor [8]. In 
the adaptive mode, user pointing performance is monitored and 
the selection size of bubble cursor is increased dynamically in 
response to an increase in the frequency of errors: the more errors, 
the larger the selection area of the cursor. In both modes, the user 
can specify the color and style of the cursor and whether its 
selection area is shown or is invisible.  
 
Figure 6. The Adaptive Bubble Cursor in action. The cursor’s 
selection area grows in response to an increase in detected 
pointing errors. The larger size makes it easier to select 
objects close to the cursor. In the adaptive mode, the size and 
selection area of bubble cursor change in response to pointing 
error detection. The user can specify whether the selection 
area of the bubble cursor should be visible or hidden.   
6. DISCUSSION AND CONCLUSIONS  
Adaptive or personalized systems that monitor user activity and 
change their functionality accordingly are prevalent, especially on 
the Web. We conducted a user study to understand how to design 
an adaptive system that supports users who experience pointing 
difficulty due to intermittent or gradual decline in hand mobility. 
We found that while participants believed that such systems could 
help them, they were all hesitant about whether an adaptive 
pointing system would function according to their expectations 
and preferences. Participants wanted a system that would 1) 
introduce assistance slowly and adapt to their behavior over time 
while taking into account their unique preferences, 2) keep them 
informed about system functionality and actions, and 3) put them 
in control of the interaction. Using our findings, we present a 
framework of design considerations for personalized pointing 
systems. We demonstrate how our findings can be applied to 
adaptive interface design by discussing the design of PINATA, an 
adaptive interface that provides notifications and assistance to 
users when they experience pointing difficulties while browsing 
the Web. We described how PINATA allows users to view and 
control their pointing performance history, automatically or 
manually activate a bubble cursor to assist with pointing tasks and 
specify the type and frequency of notifications they would like to 
receive.  
Our research emphasizes factors beyond performance and 
accuracy that can impact user perception and acceptance of 
personalized systems and complements other research on 
personalized systems that aim to support users who are 
undergoing changes in their abilities. Much of our findings 
indicate that understanding and integrating support for individual 
user goals as well as understanding and supporting individual user 
preferences for involvement in the pointing task is important for 
encouraging adoption. Adaptive and automated system research 
highlights the need to understand user preferences and 
expectations throughout the design process in order to design 
systems that are usable and encourage sustained use [16, 19]. Our 
research therefore contributes to a better understanding of the 
preferences and expectations of specific group of users that may 
benefit from an adaptive pointing interface. We also extend prior 
work that focuses on adaptive pointing system design by 
highlighting factors of the design that may encourage adaption.  
7. LIMITATIONS AND FUTURE WORK  
Our study, contributes a better understanding of users’ 
expectations and preferences of adaptive pointing solutions.  One 
limitation of our study is that our findings are based on a user’s 
one-time interaction with a prototype interface.  Although our 
study provides insights on initial expectations that may impact 
initial adoption of the solution, additional longitudinal studies 
with a fully implemented system will be needed to determine 
whether these preferences remain or change over time.   
We focused on the process of designing PINATA and describing 
how its functionality is informed by user input. In a future study, 
we will evaluate the system in a longitudinal study where we 
examine users’ perceptions and attitudes towards it and its impact 
on their Web navigation experience. We also expect to continue to 
refine the framework of design considerations based on these sets 
of studies. 
This study focused on individuals who experience intermittent or 
gradual changes in hand mobility; other groups with severe or 
permanent motor impairments such as Cerebral Palsy, advanced 
Parkinson’s, or Muscular Dystrophy, may have different 
preferences and expectations. Since we focused on notifications 
and assistance activation, we recommend future work explore user 
expectations about the deactivation of assistance or how their 
perceptions change over time. 
While this study focused on pointing with a mouse, we anticipate 
these findings to be useful for other input devices. Future work is 
needed to understand how these results apply to touch and 
gesture, and interactions beyond the desktop including situational 
impairments with mobile device use. 
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